N ext-generation DNA sequencing has revolutionized the field of cancer genomics 1 . Although this sequencing can identify the most frequent mutation in a population of cells, it struggles to resolve the mutational diversity and multiple genomes of the individual cells that comprise a tumour. Achieving DNA sequencing down to the resolution of a single cell has been a long-held dream for understanding the cellular hetero geneity that is inherent in many complex biological systems and, in particular, for delineating the mixture of genomes in human cancers 2 . On page 155 of this issue, Wang et al. 3 report an innovative sequencing method, termed nuc-seq, that achieves almost complete sequencing of whole genomes in single cells.
As a cell prepares to divide, it replicates the DNA in its nucleus. By sorting and sequencing only the newly 'doubled' nuclei, nuc-seq takes advantage of this duplication to achieve lower rates of sequencing errors than most previous techniques 4 . The authors validated their method using targeted duplex sequencing, a protocol that sequences both strands of DNA to identify mutations at exceptionally high accuracy 5 . They suggest that the use of nuc-seq to sequence single-cell genomes, with validation by targeted deep sequencing, will be instrumental in defining the genomic heterogeneity of cancers.
To demonstrate this, Wang et al. used their technique to sequence the genomes of multiple single cells from two types of human breast cancer, and found that no two individual tumour cells were genetically identical. As well as the large numbers of mutations that are common to the majority of cells in a tumour, the authors uncovered an even greater number of subclonal and de novo mutations (those that are unique to individual cells). They also present estimates, derived from mathematical models, of mutation rates of single cells within tumours. On the basis of these models, they show that distinct types of DNA alteration seem to accumulate at different rates in different tumours, and suggest that two separate 'mutational clocks' operate in cancer. Large-scale, structural changes in DNA (such as amplification and deletion of large blocks of DNA) probably occur early in tumour development, in punctuated bursts of evolution, whereas point mutations may accumulate more gradually, generating extensive subclonal diversity. The authors' findings indicate that slower-growing 'luminal' breast-cancer cells exhibit relatively low mutation rates, whereas cells from clinically more aggressive, 'triplenegative' breast cancers have mutation rates that are 13 times greater than in normal cells.
Nuc-seq and comparable single-cell sequencing methods [6] [7] [8] [9] will allow a more detailed understanding of mutational heterogeneity in individual tumours, and will influence our understanding of how cancers evolve and our approach to their treatment. In particular, mutational diversity within a tumour is likely to be predictive of whether resistance to a particular chemotherapy will emerge during treatment, because mutations in genes that render cells resistant to specific drugs may exist before initiation of therapy. This has previously been documented for the failure of certain molecularly tailored cancer treatments 10 . Such findings also reinforce the fact that single, bulk sampling of a tumour -a strategy that is commonly used to select targeted therapies -is not representative of the tumour as a whole.
The total number of mutations that a tumour genome carries, including those present in only a small subset of cells, may in fact underlie the aggressiveness of different cancer subtypes. For example, the extent of genetic diversity within a tumour, and its divergence from normal tissue, probably influences the ability of the immune system to distinguish malignant cells from normal cells. Identifying the mechanisms by which cancer cells generate mutational heterogeneity may therefore than 10 5 atoms and short timescales (less than 1 nanosecond), because of the restrictions of available computing power. Our ability to predict experimental results from such simulations has therefore been limited because the properties of metallic glasses are affected by sample size 9 and cooling rates 10 . Mao and colleagues' method now allows us to carry out experiments at spatial and temporal timescales similar to those in simulations. This opens the way to exploring glass formation and its competition with crystallization.
Given that vitrification has previously been observed in ionic melts, aqueous solutions, alloy melts, molecular liquids and polymers, the finding that pure metals can also be glasses suggests that amorphous structures are the most ubiquitous form of condensed matter. ■ 6 , will prove to be. For example, many cancer cells are aneuploid (they carry abnormal numbers of chromosomes), and the application of nuc-seq may be restricted to cancers that do not exhibit aneuploidy. Also, although the cost of genome sequencing continues to decline (albeit more slowly now than in the past), the cost of single-cell genomics and the complexities of the bioinformatic analyses involved are still formidable.
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In our quest to decipher cancer genomes, the advent of single-cell sequencing marks a technical milestone. It crystallizes the concept that the genome of each tumour is dynamic and highly diverse, whether we are comparing cancer genomes between tumours of different patients, between anatomically distinct regions of a tumour within a patient or even between individual cells within the same tumour (Fig. 1) . Single-cell sequencing will allow us to detect rare mutant subpopulations hidden within cancers that could expand and lead to drug resistance, and thus to avoid unnecessary and potentially harmful administration of ineffective, toxic therapies. Ultimately, the exceptional plasticity of the tumour genome may well prove to be a key characteristic of cancer 11 
B R E N T E L L E R B R O E K
A t the time of writing, observations from the Kepler Space Mission have yielded more than 975 confirmed exoplanet detections from 4,234 candidates 1 . These candidates are identified by small, periodic drops in the brightness of the star, indicating that a planet might be transiting in front of it 2 . This is perhaps the conceptually simplest method of finding exoplanets, and it remains the only approach that can find planets with the proper orbit and radius to potentially support life. However, follow-up observations of high spatial resolution are needed to confirm and characterize each candidate system detected by the Kepler mission. Writing in The Astrophysical Journal, Law et al. 3 describe how they have used a robotic adaptive optics system 4,5 to follow up 715 of the Kepler candidate star systems in just 36 hours of observing time.
In planetary-transit observations, the size of the planet can be inferred from the relative dip in star brightness measured during the transit. Only a small fraction of exoplanets will transit their star when viewed from Earth, but a statistical analysis 6 of the Kepler candidates detected in observations of more than 100,000 stars indicates that exoplanets may be relatively common. This includes Earth-sized planets with orbits that would permit liquid water to exist on the planets' surfaces 6 . Because Kepler was designed to continually monitor many thousands of stars, its images lack the spatial resolution needed to characterize individual star systems in further detail. This means that various false-positive detections -for example, those associated with the partial eclipse of a star in a binary system by its companion star -cannot be ruled out, and that possible binary host stars (or stars in the foreground or background by coincidence) cannot necessarily be identified.
The presence or absence of a stellar companion to a 'primary host star' is important information for understanding the formation and development of planetary systems. It also affects the estimation of the planet's size from the transit: the relationship between star brightness and planetary radius is more complex if there is a stellar companion, leading to incorrect results if the existence of the companion star is unknown. For these and other reasons, follow-up observations with high angular resolution are needed to fully understand each Kepler candidate.
High-resolution follow-up images could be collected by a space-based observatory such as the Hubble Space Telescope, but observing thousands of candidate systems would monopolize this limited resource. Obtaining such images from the ground is made difficult by the blurring ('seeing') introduced by atmospheric turbulence, and by the resulting inhomo geneity in the density and refractive index of the air. In the past two decades, ground-based observatories have begun using a technology known as adaptive optics to measure and correct this blurring in real time 7 .
Many of these systems now use lasers to create artificial 'guide stars' on the sky to measure the blurring, and then correct it for science targets that are themselves too faint to be used for such measurement -as is the case for many of the Kepler candidates. Adaptive optics surveys of the candidate systems began in 2011-12 (refs 8,9) , but these initial studies were limited to fewer than 100 targets because of the time taken to set up and initiate each observation, typically at least 15-20 minutes per target for most current adaptive optics systems.
The robotic adaptive optics system (Robo-AO) used by Law and colleagues supersedes these constraints. The system has been designed 4,5 for highly efficient, automated high-resolution observing on 1-to 3-metreclass telescopes, and has been mounted on the 60-inch (1.5-metre) telescope at the Palomar Observatory in California (Fig. 1) . The atmospheric blurring at Palomar Observatory is typically about 0.65 arcseconds. Robo-AO sharpens star images to about 0.12-0.15 arcseconds in diameter 4, 5 -not far from the 0.09-arcsecond value that is theoretically possible with a 1.5-metre telescope in space. This performance has enabled Law et al. to resolve 53 of the 715 Kepler candidates observed by Robo-AO so far into multiple stars. Fortythree of these 53 are new discoveries, including one that is a probable false positive for a candidate exoplanet.
Of course, automated observing at a rate of 200-250 targets per night, as Law and co-workers have done, creates a substantial data cleaning and analysis task. To detect and characterize companion stars that are significantly fainter than their primaries, the authors have developed a fully
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Atmospheric blurring has a new enemy
A fully automated optics system that corrects atmospheric blurring of celestial objects has imaged 715 star systems thought to harbour planets, completing each observation in less time than it takes to read this article.
